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(54) ABNORMALITY DIAGNOSIS DEVICE OF INTERNAL COMBUSTION ENGINE 

(57)Abstract: " ~ 

PROBLEM TO BE SOLVED: To prevent such an 
erroneous diagnosis that a disturbance of an output 
of an exhaust gas sensor occurring due to dispersion 
among cylinders of an engine is determined to be an 
abnormality of the exhaust gas sensor. 
SOLUTION: A dispersion value among the cylinders 
is calculated for each of the cylinders based on 
behavior of such as an intake pipe pressure detected 
by an intake pipe pressure sensor 18, and a fuel 
injection amount and the like is corrected for each of 
the cylinders based on the dispersion value between 
the cylinders thereby correcting the dispersion among 
the cylinders. When the dispersion value between the 
cylinders exceeds a predetermined value during 
engine operating, or until correction of the dispersion among the cylinders is completed, it 
is determined that the disturbance of the output of the exhaust gas sensor 24 occurring 
due to the dispersion between cylinders is likely to exceed a normal range, thereby 
prohibiting the abnormality diagnosis of the exhaust gas sensor 24 or alleviating an 
abnormal determination reference. Accordingly, the erroneous diagnosis such that the 
disturbance of the output of the exhaust gas sensor occurring due to the dispersion among 
the cylinders is determined to be abnormality of the exhaust gas sensor is prevented. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 
[Claim 1] 

In the abnormality diagnostic equipment of the internal combustion engine having an abnormality 
diagnostic means to perform a predetermined abnormality diagnosis based on the output of the 
sensor which detects the information about the operational status of the internal combustion engine 
which has two or more gas columns, 

A dispersion detection means between gas columns to calculate the dispersion value between gas 
columns showing dispersion in the operational status between said internal combustion engine's gas 
columns. 

An incorrect diagnostic prevention means to perform prohibition of the abnormality diagnosis by 
said abnormality diagnostic means, or relaxation of an abnormality criterion when said dispersion 
value between gas columns is over the predetermined value 

preparation ****** — the abnormality diagnostic equipment of the internal combustion engine 
characterized by things. 

[Claim 2] 

It has a dispersion amendment means between gas columns to amend dispersion in the operational 
status between said internal combustion engine's gas columns based on said dispersion value 
between gas columns. 

Said incorrect diagnostic prevention means is the abnormality diagnostic equipment of the intemal 
combustion engine according to claim 1 characterized by performing prohibition of said abnormality 
diagnosis, or relaxation of an abnormality criterion when the dispersion amendment between gas 
columns by said dispersion amendment means between gas columns is not completed. 
[Claim 3] 

In the abnormality diagnostic equipment of the intemal combustion engine having an abnormality 
diagnostic means to perform a predetermined abnormality diagnosis based on the output of the 
sensor which detects the information about the operational status of the intemal combustion engine 
which has two or more gas columns, 

A dispersion detection means between gas columns to calculate the dispersion value between gas 
columns showing dispersion in the operational status between said intemal combustion engine's gas 
columns, 

A dispersion amendment means between gas columns to amend dispersion in the operational status 
between said intemal combustion engine's gas columns based on said dispersion value between gas 

columns, 

An incorrect diagnostic prevention means to perform prohibition of the abnormality diagnosis by 
said abnormality diagnostic means, or relaxation of an abnormality criterion when the dispersion 
amendment between gas columns by said dispersion amendment means between gas columns is not 
completed 

preparation ****** — the abnormality diagnostic equipment of the intemal combustion engine 
characterized by things. 
[Claim 4] 

Said incorrect diagnostic prevention means is the abnormality diagnostic equipment of the intemal 
combustion engine according to claim 2 or 3 with which after completion of the dispersion 
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amendment between gas columns by said dispersion amendment means between gas columns is 
characterized by continuing prohibition of said abnormality diagnosis, or relaxation of an 
abnormality criterion until a predetermined period passes. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] 

This invention relates to the abnormality diagnostic equipment of the internal combustion engine 
which performs a predetermined abnormality diagnosis based on the output of the sensor which 
detects the information about an internal combustion engine's operational status 

[0002] 

[Description of the Prior Art] 

While carrying the various sensors which detect various kinds of information (for example, an 
inhalation air content, the pressure-of-induction-pipe force, rotational speed, an air-fuel ratio, etc.) 
about operational status and controlling fuel oil consumption (air-fuel ratio), ignition timing, etc. by 
the internal combustion engine with which recent years were electronics-control-ized based on the 
output of these various sensors, it is made to perform various kinds of abnormality diagnoses using 
the output of these various sensors. For example, there are some which diagnosed the existence of 
the abnormalities of this air- fuel ratio sensor based on the output of the air- fuel ratio sensor which 
detects the air- fuel ratio of an intemal combustion engine's exhaust gas as indicated by the patent 
reference 1 (JP,9- 166569, A). 
[0003] 

[Patent reference 1 ] 

JP,9- 166569, A (the 2nd page etc.) 

[0004] 

[Problem(s) to be Solved by the Invention] 

However, in the intemal combustion engine which has two or more gas columns, dispersion may 
arise in the operational status of each gas colunm according to the individual difference (components 
tolerance, tolerance with a group, etc) of each gas column, secular change, etc. For this reason, if 
dispersion in the operational status between gas columns is large when performing various kinds of 
abnormality diagnoses based on the output of the sensor which detects the information (for example, 
an inhalation air content, the pressure-of-induction-pipe force, rotational speed, an air-fuel ratio, etc.) 
about an intemal combustion engine's operational status, in response to that effect, the fluctuation in 
a cycle of a sensor output becomes large, and although the object of an abnormality diagnosis is 
normal, it may incorrect-diagnose as abnormalities. 
[0005] 

This invention is made in consideration of such a situation, therefore it can prevent that the purpose 
incorrect-diagnoses turbulence of the sensor output produced by dispersion between gas columns as 
the abnormalities for an abnormality diagnosis, and is in offering the control unit of the intemal 
combustion engine which can raise abnormality accuracy. 
[0006] 

[Means for Solving the Problem] 

In order to attain the above-mentioned purpose, the abnormality diagnostic equipment of the intemal 
combustion engine of claim 1 of this invention is made to perform prohibition of the abnormality 
diagnosis by the abnormality diagnostic means, or relaxation of an abnormality criterion with an 
incorrect diagnostic prevention means, when the dispersion detection means between gas columns 
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detects the dispersion value between gas columns showing dispersion in the operational status 
between an internal combustion engine*s gas columns and the dispersion value between gas columns 
is over the predetermined value. If it will be in the condition that turbulence of a sensor output 
exceeds abnormality judging level by dispersion between gas columns, since forbid an abnormality 
diagnosis or the dispersion value between gas columns which detected with the dispersion detection 
means between gas columns will ease an abnormality criterion exceeding a predetermined value, it 
can prevent incorrect-diagnosing turbulence of the sensor output which produces by dispersion 
between gas columns as the abnormalities for an abnormality diagnosis, and abnormality accuracy 
can raise with this configuration. 
[0007] 

Moreover, since dispersion between gas columns is still large, turbulence of a sensor output may 
exceed the usual abnormality judging level, until the dispersion amendment between gas columns is 
completed in the case of the system equipped with a dispersion amendment means between gas 
columns to amend dispersion in the operational status between an internal combustion engine's gas 
columns based on the dispersion value between gas columns. 
[0008] 

Then, like claims 2 and 3, when the dispersion amendment between gas columns is not completed, it 
may be made to perform prohibition of an abnormality diagnosis, or relaxation of an abnormality ' 
criterion. If it does in this way, it can prevent incorrect-diagnosing turbulence of the sensor output 
which is before completion of the dispersion amendment between gas columns, and is produced 
when dispersion between gas columns is still large as the abnormalities for an abnormality diagnosis, 
and abnormality accuracy can be raised. 
[0009] 

Moreover, you may make it after completion of the dispersion amendment between gas columns 
continue prohibition of an abnormality diagnosis, or relaxation of an abnormality criterion like claim 
4, since time amount may be taken for a while by the time dispersion between gas columns actually 
becomes small enough, after performing dispersion amendment between gas columns until a 
predetermined period passes. If it does in this way, prohibition or an abnormality criterion can be 
eased for an abnormality diagnosis also at the period when it is immediately after completion of the 
dispersion amendment between gas colunms at, and dispersion between gas colunms may not be 
small enough, and an incorrect diagnosis can be prevented more certainly, 
[0010] 

[Embodiment of the Invention] 
«operation gestalt (1) » 

Hereafter, the operation gestalt (1) of this invention is explained based on drawing 1 thru/or drawing 
7 . First, based on drawing.! , the outline configuration of the whole engine control system is 
explained, the engine 1 1 of a 4-cylinder which is an internal combustion engine — the lcylinder#l- 
the 4th ~ it has four gas columns of cylinder #4, and an air cleaner 13 is formed in the maximum 
upstream section of the inlet pipe 12 of this engine 11, and the air flow meter 14 which detects an 
inhalation air content to the downstream of this air cleaner 13 is formed in it. The throttle valve 15 
by which opening accommodation is carried out with a DC motor etc., and the throttle opening 
sensor 16 which detects throttle opening are formed in the downstream of this air flow meter 14 
[0011] 

Moreover, a surge tank 17 is formed in the downstream of a throttle valve 15, and the pressure-of- 
induction-pipe force sensor 18 which detects the pressure-of-induction-pipe force to this surge tank 
17 is formed in it. Moreover, the inlet manifold 19 which introduces air into each gas column of an 
engine 1 1 is formed in a surge tank 17, and the fuel injection valve 20 which injects a fuel, 
respectively is attached in it near the suction port of the inlet manifold 19 of each gas colurrm. 
Moreover, an ignition plug 21 is attached in the cylinder head of an engine 1 1 for every gas column, 
and it is lit by the spark discharge of each point fire plug 21 by the gaseous mixture in a cylinder 
[0012] 

On the other hand, the catalysts 23, such as a three way component catalyst which purifies CO, HC, 
NOx, etc. in an exhaust gas, are formed in the exhaust pipe 22 of an engine 1 1, and the discharge gas 
sensors 24 (an air-fuel ratio sensor, oxygen sensor, etc.) which detect the air-fiiel ratio of an exhaust 



http://vAvw4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 8/18/2006 



JP,2004- 176689, A [DETAILED DESCRIPTION] 



Page 3 of 1 0 



gas, or Lean/Rich to the upstream of this catalyst 23 are formed in it. Moreover, whenever the 
coolant temperature sensor 25 which detects cooHng water temperature, and the crankshaft of an 
engine 1 1 carry out fixed crank angle (for example, 30degree-CA) rotation, the crank angle sensor 
26 which outputs a pulse signal is attached in the cyUnder block of an engine 1 1. A crank angle and 
an engine speed are detected based on the output signal of this crank angle sensor 26 
[0013] 

The output of the various sensors mentioned above is inputted into the engine control circuit (it is 
written as "ECU" below) 27. This ECU27 is performing various kinds of engine control programs 
which were constituted as a subject and memorized by built-in ROM (storage) in the microcomputer, 
and controls the fuel oil consumption of a fuel injection valve 20, and the ignition timing of an 
ignition plug 21 according to an engine operation condition. 
[0014] 

ECU27 is air- fuel ratio lambdas of the exhaust gas detected with the discharge gas sensor 24 by 
performing the air-fuel ratio feedback control program which is not illustrated in that case. The air- 
fuel ratio correction factor FAF is computed so that it may be made in agreement with target air- fuel 
ratio lambdatg, and fuel oil consumption is computed using this air-fuel ratio correction factor FAF 
[0015] 

Furthermore, ECU27 is performing the abnormality diagnostic program in a discharge gas sensor 
shown in drawing 2 mentioned later, and when target air-fuel ratio lambdatg changes, the existence 
of the abnormalities (failure, degradation, etc.) of the discharge gas sensor 24 is diagnosed by 
whether the ratio (delta FAF/deltalambdatg) of the variation deltalambdatg of target air- fuel ratio 
lambdatg and variation deltaFAF of the air-fuel ratio correction factor FAF is in the predetermined 
range (KCGL-KCGH). 
[0016] 

However, if dispersion in the operational status between gas columns is large, there is a possibility 
that the fluctuation in a cycle of discharge gas sensor 24 output may become large in response to the 
effect, and an abnormality diagnostic parameter (for example, delta FAF/deltalambdatg) may exceed 
an abnormality decision value (for example, the lower limit KCGL or upper limit (KCGH) of the 
predetermined range), and although the discharge gas sensor 24 is normal, it may incorrect-diagnose 
as those with abnormalities. 
[0017] 

Then, ECU27 is performing the dispersion detection program between gas columns shown in 
drawing 3 and drawing 4 which are mentioned later, is performing the dispersion amendment 
program between gas columns which computes the dispersion value DEV between gas columns 
showing dispersion in the operational status between the gas columns of an engine 11, and shows it 
to drawing 6 mentioned later, and amends dispersion in the operational status between the gas 
columns of an engine 1 1 based on the dispersion value DEV between gas columns 
[0018] 

And it prevents incorrect-diagnosing turbulence of the output of the discharge gas sensor 24 which 
forbids an abnormality diagnosis of the discharge gas sensor 24, and is produced by dispersion 
between gas columns by performing the incorrect diagnostic prevention program shown in drawin g 7 
mentioned later when the dispersion value DEV between gas columns has crossed the predetermined 
range, or when the dispersion amendment between gas columns is not completed as the 
abnormalities of the discharge gas sensor 24. Hereafter, the contents of processing of each program 
which ECU27 performs are explained. 
[0019] 

[Abnormality diagnostic program in a discharge gas sensor] 

The abnormality diagnostic program in a discharge gas sensor shown in drawing 2 is performed for 
every fuel-injection timing, and plays a role of an abnormality diagnostic means as used in the field 
of a claim, if this program is started - target air- fuel ratio lambdatg (i-1) of the current target air-fuel 
ratio lambdatg and last time in step 101 first It judges whether the absolute value of a difference is 
beyond the predetermined decision value Klambdatg. It is [lambda tg-lambda tg (i-1). If it is 
|<K]ambdatg, it will judge that target air-fuel ratio lambdatg is not changing, will progress to step 
105, and will judge whether it is set to "1" as which the target air-fiiel ratio change flag X means that 
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target air-fuel ratio lambdatg ends [ change detection ]. This program is ended without performing 

subsequent processings, if the target air- fuel ratio change flag X is not set to "1 " 

[0020] 

then, llambda tg-lambda tg (i-1) the step 103 when set to |>=Klambdatg, after judging that target air- 
fuel ratio lambdatg changed, progressing to step 102 and setting the target air-fuel ratio change flag 
X to "1" progressing ~ target air-fuel ratio lambdatg 1 time before current target air- fuel ratio 
lambdatg (i-1) The variation deltalambdatg of target air-fuel ratio lambdatg is computed by 
subtracting, 

Delta]ambdatg==lambda tg-lambda tg (i-1) 
[0021] 

Then, it progresses to step 104, the air- fuel ratio correction factor FAF at that time is memorized in 
the memory (not shown) of ECU27 as an air-fuel ratio correction factor FAFBF before changing, 
and this program is ended. 
[0022] 

and - if it is judged with "No" at step 101, it progresses to step 105 and the target air- fuel ratio 
change flag X is set to "1 " after change of target air- fuel ratio lambdatg, whenever this program is 
started - step 1 06 - progressing - current target air-fuel ratio lambdatg and target air-fuel ratio 
lambdatg of 1 time ago (i-1) A difference is added to deltalambdatg till then and the storage value of 
deltalambdatg is updated. 

Deltalambdatg=deltalambdatg+ {lambda tg-lambda tg (i-1) } 

[0023] 

then, the step 1 07 - progressing - the current air-fuel ratio correction factor FAF and air-fuel ratio 
correction factor FAF (i-1) of 1 time ago It judges whether the absolute value of a difference turned 
into below the predetermined value KFAF. And |FAF-FAF (i-1) When set to |<=KFAF (i.e., when 
completed as a predetermined value by the air- fuel ratio correction factor FAF), variation deltaFAF 
of the air- fuel ratio correction factor FAF is computed by progressing to step 108 and subtracting the 
air- fuel ratio correction factor FAFBF before change memorized at said step 104 from the current 
air-fuel ratio correction factor FAF. 
deltaFAF=FAF-FAFBF 
[0024] 

Then, after progressing to step 109 and resetting the target air- fuel ratio change flag X to "0", it 

progresses to step 1 1 0 and judges whether the ratio of the absolute value of deltaFAF and the 

absolute value of deltalambdatg is predetermined within the limits 

(KCGL<=|deltaFAF|/|deltalambdatg|<=KCGH) (for example, KCGL=0.9, KCGH=1.1) 
[0025] 

Consequently, when judged with the ratio of the absolute value of deltaFAF and the absolute value 
of deltalambdatg being predetermined within the limits, it progresses to step 111, it judges with 
having no abnormalities of the discharge gas sensor 24 (normal), and this program is ended 

[0026] 

On the other hand, when judged with the ratio of the absolute value of deltaFAF and the absolute 
value of deltalambdatg having separated from the predetermined range Progress to step 1 12 and it 
judges to be the abnormalities of the discharge gas sensor 24 (failure, degradation, etc.). While 
turning on the warning lamp (not shown) formed in the instrument panel of a driver's seat, or 
carrying out an alarm display to the alarm display section (not shown) and warning an operator The 
abnormality information (abnormality code) is memorized to the backup RAM of ECU27 (not 
shown), and this program is ended. 
[0027] 

[The dispersion detection program between gas columns] 

The dispersion detection program between gas columns shown in drawing 3 and drawing 4 is 
performed a predetermined period after ON of an ignition switch (not shown), and plays a role of a 
dispersion detection means between gas columns as used in the field of a claim 

[0028] 

Here, as shown in drawing 5 , the wave of the pressure-of-induction-pipe force detected by the 
pressure-of-induction-pipe force sensor 18 tums into a pulsating wave reflecting the operational 
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status (an inhalation air content, a combustion condition, air- fuel ratio, etc.) of each gas column. 
Therefore, if the characteristic value of the minimal value of the pressure-of-induction-pipe force 
detected by the pressure-of-induction-pipe force sensor 18 for every crank angle range in which the 
effect of each gas column appears, the maximal value, the average, amplitude value, area, locus 
length, etc. is computed, since the characteristic value reflecting the operational status of each gas 
column of a pulsating wave is computable, if this characteristic value is used, the dispersion value 
between gas columns reflecting dispersion in the operational status of each gas column is 
computable. 
[0029] 

in addition, the 1 - later mentioned in this program as shown in drawing 5 (a) in order to compute the 
dispersion value between gas columns using the minimal value of the pressure-of-induction-pipe 
force - the 4th crank angle range - respectively - the 1- it is set up so that the field where the 
pressure-of-induction-pipe force serves as the minimal value under the effect of the 4th cylinder may 
be included. 

[0030] 

a ****** [ that the execution condition of the dispersion detection between gas columns will be first 
satisfied at step 201 if this program is started ] - a steady state (it is not a transient) ****** ^^c. - 
it judges. This program is ended without performing subsequent processings, if judged with the 
execution condition of the dispersion detection between gas columns being abortive 
[003 1 ] 

It judges whether the crank angle which progressed to step 202 and was detected at the above- 
mentioned step 201 on the other hand based on the output signal of the crank angle sensor 26 when 
judged with the execution condition of the dispersion detection between gas columns being satisfied 
is in the 1st crank angle range (the lcylinder# crank angle range including the field where the 
pressure-of-induction-pipe force serves as the minimal value under the effect of 1). consequently, the 
minimal value PMmin of the pressure-of-induction-pipe [ progress to step 203 and ] force of crank 
angle within the limits of** a 1st if judged with it being crank angle within the limits of** a 1st the 
1st — the pressure-of-induction-pipe force minimal value PMmin of cylinder #1 (#1) ****** — it 
computes. 
[0032] 

On the other hand, when judged with a crank angle not being crank angle within the limits of ** a 
1 st at the above-mentioned step 202, it progresses to step 204 and judges whether a crank angle is in 
the 2nd crank angle range (the 2cylinder# crank angle range including the field where the pressure- 
of-induction-pipe force serves as the minimal value under the effect of 2). consequently, the minimal 
value PMmin of the pressure-of-induction-pipe [ progress to step 205 and ] force of crank angle 
within the limits of** a 2nd if judged with it being crank angle within the limits of** a 2nd the 2nd 

- the pressure-of-induction-pipe force minimal value PMmin of cylinder #2 (#2) ****** it 
computes. 

[0033] 

Moreover, when judged with a crank angle not being crank angle within the limits of** a 2nd at the 
above-mentioned step 204, it progresses to step 206 and judges whether a crank angle is in the 3rd 
crank angle range (the 3cylinder# crank angle range including the field where the pressure-of- 
induction-pipe force serves as the minimal value under the effect of 3). consequently, the minimal 
value PMmin of the pressure-of-induction-pipe [ progress to step 207 and ] force of crank angle 
within the limits of** a 3rd if judged with it being crank angle within the hmits of** a 3rd the 3rd - 

- the pressure-of-induction-pipe force minimal value PMmin of cylinder #3 (#3) ****** — it 
computes. 

[0034] 

moreover, when judged with a crank angle not being crank angle within the limits of** a 3rd at the 
above-mentioned step 206 It is judged that a crank angle is in the 4th crank angle range (the 
4cylinder# crank angle range including the field where the pressure-of-induction-pipe force serves as 
the minimal value under the effect of 4). the minimal value PMmin of the pressure-of-induction-pipe 
[ progress to step 208 and ] force of crank angle within the limits of ** a 4th the 4th - the pressure- 
of-induction-pipe force minimal value PMmin of cylinder #4 (#4) ****** it computes. 
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[0035] 

then the step 209 of drmvLng 4 - progressing - the pressure-of-induction-pipe force minimal value 
^ wS^^f ^.^^ columns (#1) - PMmin (#4) The average AVEPMmin It computes 
AVEPMmm = {PMmin(#l) +....+PMmin (#4) }/4 
[0036] 

Then, it progresses to step 210 and is the pressure-of-induction-pipe force minimal value PMmin of 
each gas column (#1). Average AVEPMmin It uses and the dispersion value DEV (#i) between eas 
columns of each gas column is computed by the degree type. Here it is #i=#l-#4 
DEV(#i)=PMmin(#i) -AVEPMmin 
[0037] 

Then, it progresses to step 21 1 and judges whether the dispersion value DEV (#i) between gas 
columns of each gas column is predetermined within the limits (Kl <=DEV(#i) <=K2) respectivelv 
Consequently, when judged with having separated from the predetermined range from at least one of 
all the dispersion values DEV (#1)-DEV (#4) between gas columns, it progresses to step 212, it sets 
to 1 which means that dispersion between gas columns is large in the dispersion flag XDEV 
between gas columns, and this program is ended 
[0038] 

On the other hand, when judged with all the dispersion values DEV (#1)-DEV (#4) between gas 

limits, it progresses to step 213, it resets to "0" which means 
that dispersion between gas columns is small in the dispersion flag XDEV between gas columns and 
this program is ended. ' 
[0039] 

[The dispersion amendment program between gas columns] 

The dispersion amendment program between gas columns shoAvn in drawing 6 is performed a 
predetermined penod after ON of an ignition switch, and plays a role of a dispersion amendment 
means between gas columns as used in the field of a claim. First, if this program is started after 
reading the dispersion value DEV (#i) between gas columns of each gas column, it will progress to 
step 302 and the fuel-injection-duration correction factor FTAU of each gas column (#i) will be 
computed by the degree type at step 301, using the dispersion value DEV (#i) between gas columns 
of each gas column. 

FTAU(#i)=DEV(#i)+l 
[0040] 

II ?T%'* progresses to step 303, the multiplication of the fuel-injection-duration correction factor 
I'TAU of each gas column (#i) is carried out to the average fiiel injection duration TAU of all the gas 
columns before amendment, and the last fuel injection duration TAU (#i) of each gas column is 
found. 

TAU(#i) =TAUxFTAU (#i) 

By the above processing, air-fuel ratio dispersion between gas columns is made small by amending 
the fuel oil consumption of each gas column according to the dispersion value DEV (#i) between aas 
columns of each gas column. ^ 
[0041] 

[Incorrect diagnostic prevention program] 

The incorrect diagnostic prevention program shown in drawing 7 is performed a predetermined 
period after ON of an ignition switch, and plays a role of an incorrect diagnostic prevention means as 
used m the field of a claim. When this program is started, at step 401 first **1 It judges whether it is 
that dispersion between gas columns is small (dispersion flag XDEVbetween gas columns = 0) 
Moreover, **2 After the dispersion amendment between gas columns is completed it judges 
whether predetermined periods (predetermined time, predetermined crank angle, etc.) passed 
[0042] 

f i"®"^'^' j"^^®^ dispersion between gas columns being large (dispersion flag 
XDEVbetween gas columns = 1), or when it is judged with it being before the predetermined period 
has passed since the completion of the dispersion amendment between gas columns By dispersion 
between gas columns, the output of the discharge gas sensor 24 is confiised, and it judges that an 
abnormality diagnostic parameter (for example, delta FAF/deltalambdatg) may separate from a 
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normal range (KCGL-KCGH), and progresses to step 402, and an abnormality diagnosis of the 
discharge gas sensor 24 is forbidden. It prevents that this incorrect-diagnoses turbulence of the 
output of the discharge gas sensor 24 produced by dispersion between gas columns as the 
abnormalities of the discharge gas sensor 24. 
[0043] 

On the other hand, at the above-mentioned step 401, when judged with dispersion between gas 
columns being small, or when [ after the dispersion amendment between gas columns is completed ] 
it is judged with the predetermined period having passed, it progresses to step 403 and an 
abnormality diagnosis of the discharge gas sensor 24 is permitted. 
[0044] 

With this operation gestalt (1) explained above, since the abnormality diagnosis of the discharge gas 
sensor 24 was forbidden when dispersion between gas columns was large, it can prevent incorrect- 
diagnosing turbulence of the output of the discharge gas sensor 24 produced by dispersion between 
gas columns as the abnormalities of the discharge gas sensor 24, and the abnormality accuracy of the 
discharge gas sensor 24 can be raised. 
[0045] 

Moreover, until a predetermined period passes in consideration of taking time amount for a while by 
the time dispersion between gas columns actually becomes small enough with this operation gestalt 
(1 ), after performing dispersion amendment between gas columns also even in after completion of 
the dispersion amendment between gas columns Since prohibition of an abnormality diagnosis of the 
discharge gas sensor 24 was continued, an abnormality diagnosis can also be forbidden to the period 
when it is immediately after completion of the dispersion amendment between gas columns at, and 
dispersion between gas columns may not be small enough, and an incorrect diagnosis can be 
prevented more certainly at it. 
[0046] 

However, when it is not necessarily necessary to continue prohibition of an abnormality diagnosis 
until a predetermined period passes since the completion of the dispersion amendment between gas 
columns, and dispersion between gas columns becomes small promptly by dispersion amendment 
between gas columns, you may make it permit an abnormality diagnosis of the discharge gas sensor 
24 immediately immediately after the completion of the dispersion amendment between gas 
columns. 
[0047] 

«operation gestalt (2) » 

Next, the operation gestalt (2) of this invention is explained using drawing 8 thru/or drawing 10 . 
Although the dispersion value between gas columns was computed with said operation gestalt (1) 
using the minimal value of the pressure-of-induction-pipe force, he is trying to compute the 
dispersion value between gas columns with this operation gestalt (2) using the maximal value of the 
pressure-of-induction-pipe force by performing the dispersion detection program between gas 
columns shown in drawing 8 and drawing 9 which are mentioned later. 
[0048] 

Moreover, although the abnormality diagnosis of the discharge gas sensor 24 was forbidden with 
said operation gestalt (1) for incorrect diagnostic prevention, he is trying to ease the abnormality 
criterion of the discharge gas sensor 24 with this operation gestalt (2) for incorrect diagnostic 
prevention by performing the incorrect diagnostic prevention program shown in drawing 10 
mentioned later, 
[0049] 

[The dispersion detection program between gas columns] 

the 1 - later mentioned in the dispersion detection program between gas columns shown in draw ing 8 
and drawing 9 as shown in drawing^S (b) in order to compute the dispersion value between gas 
columns using the maximal value of the pressure-of-induction-pipe force - the 4th crank angle range 
- respectively - the 1- it is set up so that the field where the pressure-of-induction-pipe force serves 
as the maximal value under the effect of the 4th cylinder may be included. 
[0050] 

When judged with the execution condition of the dispersion detection between gas columns being 
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satisfied at step 501 in this program, A crank angle at the time in the 1st crank angle range (the 
1 cylinder# crank angle range including the field where the pressure-of-induction-pipe force serves as 
the maximal value under the effect of 1) this - the maximal value PMmax of the pressure-of- 
induction-pipe force of crank angle within the limits of** a 1st the 1st - the pressure-of-induction- 
pipe force maximal value PMmax of cylinder #1 (#1) ****** - it computes (steps 502 and 503) 
[0051] 

on the other hand — a crank angle ~ the time in the 2nd crank angle range (the 2cylinder# crank 
angle range including the field where the pressure-of-induction-pipe force serves as the maximal 
value under the effect of 2) - this - the maximal value PMmax of the pressure-of-induction-pipe 
force of crank angle within the limits of** a 2nd the 2nd ~ the pressure-of-induction-pipe force 
maximal value PMmax of cyhnder #2 (#2) ****** - it computes (steps 504 and 505) 
[0052] 

moreover, a crank angle - the time in the Srd-crank angle range (the 3cylinder# crank angle range 
including the field where the pressure-of-induction-pipe force serves as the maximal value under the 
effect of 3) - this — the maximal value PMmax of the pressure-of-induction-pipe force of crank 
angle within the limits of** a 3rd the 3rd ~ the pressure-of-induction-pipe force maximal value 
PMmax of cylinder #3 (#3) ****** - it computes (steps 506 and 507). 
[0053] 

moreover, a crank angle ~ the time in the 4th crank angle range (the 4cylinder# crank angle range 
including the field where the pressure-of-induction-pipe force serves as the maximal value under the 
effect of 4) ~ this — the maximal value PMmax of the pressure-of-induction-pipe force of crank 
angle within the limits of ** a 4th the 4th - the pressure-of-induction-pipe force maximal value 
PMmax of cylinder #4 (#4) ****** — it computes (step 508). 
[0054] 

then, the step 509 of drawing.9 — progressing ~ the pressure-of-induction-pipe force maximal value 
PMmax of all gas columns (#1) - PMmax (#4) The average AVEPMmax It computes. 
AVEPMmax = {PMmax(#l) +....+PMmax (#4) }/4 
[0055] 

Then, it progresses to step 510 and is the pressure-of-induction-pipe force maximal value PMmax of 
each gas column (#i). Average AVEPMmax It uses and the dispersion value DEV (#i) between gas 
columns of each gas column is computed by the degree type. 
DEV(#i)=PMmax(#i) -AVEPMmax 
[0056] 

It progresses to step 511. Then, the dispersion value DEV (#i) between gas columns of each gas 
column When it judges whether it is in the predetermined range (K1-K2), respectively and is judged 
with having crossed at least one predetermined range among all the dispersion values DEV (#1)- 
DEV (#4) between gas columns It progresses to step 512 and the dispersion flag XDEV between gas 
columns is set to "1", when judged with all the dispersion values DEV (#1)-DEV (#4) between gas 
columns being predetermined within the limits, it progresses to step 513 and the dispersion flag 
XDEV between gas columns is reset to "0." 
[0057] 

[Incorrect diagnostic prevention program] 

In the incorrect diagnostic prevention program shown in drawing 10 , at step 601, first **1 It judges 
whether it is that dispersion between gas columns is small (dispersion flag XDEVbetween gas 
columns = 0). Moreover, **2 It judges whether the dispersion amendment between gas columns was 
completed. 

[0058] 

Consequently, when judged with dispersion between gas columns being large (dispersion flag 
XDEVbetween gas columns = 1), or when judged [ having not completed the dispersion amendment 
between gas columns, and ] The output of the discharge gas sensor 24 is confused by dispersion 
between gas columns, and it is judged that an abnormality diagnostic parameter (for example, delta 
FAF/deltalambdatg) may separate from a normal range (a lower limit KCGL - a upper limit KCGH). 
It progresses to step 602, the lower limit KCGL of a normal range (abnormality decision value) is 
changed into the lower limit for incorrect diagnostic prevention (KCGL-alpha), a upper limit KCGH 
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(abnormality decision value) is changed into the upper limit for incorrect diagnostic prevention 
(KCGH+beta), the width of face of a normal range is expanded, and an abnormahty criterion is 
eased. It prevents that this incorrect-diagnoses turbulence of the output of the discharge gas sensor 
24 produced by dispersion between gas columns as the abnormalities of the discharge eas sensor 24 

[0059] 

On the other hand, at the above-mentioned step 601, when judged with dispersion between gas 
columns being small, or when it is judged with the dispersion amendment between gas columns 
having been completed, it progresses to step 603 and the lower limit (abnormality decision value) 
and upper limit (abnormality decision value) of a normal range are returned to the usual values 
KCGL and KCGH. 
[0060] 

With this operation gestalt (2) explained above, since the width of face of a normal range is 
expanded and the abnormality criterion was eased when having completed neither the time when 
dispersion between gas columns is large, nor the dispersion amendment between gas columns, it can 
prevent incorrect-diagnosing turbulence of the output of the discharge gas sensor 24 produced by 
dispersion between gas columns as the abnormalities of the discharge gas sensor 24, and the 
abnormality accuracy of the discharge gas sensor 24 can be raised. 
[0061] 

In addition, although the abnormality decision value (the lower limit and upper limit of a normal 
range) was changed with this operation gestalt (2) in order to ease an abnormality criterion, you may 
make it change other abnormality criteria, such as amending an abnormality diagnostic parameter 
(for example, delta FAF/deltalambdatg), or amending the output of the discharge eas sensor 24 
[0062] 

Moreover, you may make it after the completion of the dispersion amendment between gas columns 
as well as said operation gestalt (1) continue relaxation of an abnormality criterion also in this 
operation gestalt (2) until a predetermined period passes. 
[0063] 

Moreover, although this invention was applied to the abnormality diagnosis of the discharge gas 
sensor 24 in each above-mentioned operation gestalt (1) and (2) The catalyst de-activation diagnosis 
this invention is not limited to this, for example, using the output of the discharge gas sensor 24, An 
abnormality diagnosis of the air flow meter 14 using the output of an air flow meter 14, An 
abnormality diagnosis of the pressure-of-induction-pipe force sensor 1 8 using the output of the 
pressure-of-induction-pipe force sensor 18, This invention is applicable to the various abnormality 
diagnoses influenced of dispersion between gas columns, such as an abnormality diagnosis of the 
catalyst early warming-up system using at least one output in an air flow meter 14, the pressure-of- 
induction-pipe force sensor 18, and the discharge gas sensor 24, and an abnormality diagnosis of the 
Air Fuel Ratio Control system. 
[0064] 

Moreover, although the dispersion value between gas columns was computed based on the maximal 
value or the minimal value for every predetermined period of the pressure-of-induction-pipe force, 
the calculation approach of the dispersion value between gas columns may be changed suitably, for 
example, you may make it compute the dispersion value between gas columns in each above- 
mentioned operation gestalt (1) and (2) based on the average for every predetermined period of the 
pressure-of-induction-pipe force, amplitude value, area, locus length, etc. Moreover, it replaces with 
the pressure-of-induction-pipe force, and you may make it compute the dispersion value between gas 
columns based on an inhalation air content, cylinder internal pressure, rotational speed, the ion 
current, an air-fuel ratio, etc. 
[0065] 

Moreover, although dispersion between gas columns was amended by amending fuel oil 
consumption for every gas column each above-mentioned operation gestalt (1) and (2), the 
amendment approach of dispersion between gas columns may be changed suitably, for example, it 
amends an inhalation air content for every gas column, and you may make it amend ignition timing 
for every gas column, or amend dispersion between gas columns. 
[0066] 
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In addition, the applicability of this invention is not limited to the engine of a 4-cylinder, but may 
apply this invention to two or more cylinder engine below 5 cylinders or more or a 3 cylinder. 
[Brief Description of the Drawings] 

[Drawing 1] The outline block diagram of the whole engine control system in the operation gestalt 
(1) of this invention 

[Drawing 2] The flow chart which shows the flow of processing of the abnormality diagnostic 
program in a discharge gas sensor of an operation gestalt (1) 

[Drawing .3] The flow chart which shows the flow of processing of the dispersion detection program 
between gas columns of an operation gestalt (1) (the 1) 

[Drawing 4] The flow chart which shows the flow of processing of the dispersion detection program 
between gas columns of an operation gestalt (1) (the 2) 

[Drawing 5] The timing diagram which shows the behavior of the pressure-of-induction-pipe force 
[Drawing 6] The flow chart which shows the flow of processing of the dispersion amendment 
program between gas columns of an operation gestalt (1) 

[Drawing 7] The flow chart which shows the flow of processing of the incorrect diagnostic 
prevention program of an operation gestalt (1) 

[Drawi ng 8] The flow chart which shows the flow of processing of the dispersion detection program 
between gas columns of an operation gestalt (2) (the 1) 

[Drawing 9] The flow chart which shows the flow of processing of the dispersion detection program 
between gas columns of an operation gestalt (2) (the 2) 

[Dra wing jy3^^ Xhe flow chart which shows the flow of processing of the incorrect diagnostic 
prevention program of an operation gestalt (2) 

[Description of Notations] 

11 [ — A throttle valve, 1 8 / — A pressure-of-induction-pipe force sensor, 20 / ~ A fuel injection 
valve, 21 / — An ignition plug, 22 / ~ An exhaust pipe, 24 / — A discharge gas sensor, 26 / ~ A crank 
angle sensor, 27 / — ECU (an abnormality diagnostic means, the dispersion detection means between 
gas columns the dispersion amendment means between gas columns incorrect diagnostic prevention 
means). ] — An engine (internal combustion engine), 12 — An inlet pipe, 14 — An air flow meter, 15 
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* NOTICES * 
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precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

s 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The outline block diagram of the whole engine control system in the operation gestalt 
(1) of this invention 

[Drawiiig.2] The flow chart which shows the flow of processing of the abnormality diagnostic 
program in a discharge gas sensor of an operation gestalt (1) 

[Drawing 3] The flow chart which shows the flow of processing of the dispersion detection program 
between gas columns of an operation gestalt (1) (the 1) 

[Drawing 4] The flow chart which shows the flow of processing of the dispersion detection program 
between gas columns of an operation gestalt (1) (the 2) 

[Drawing .5] The timing diagram which shows the behavior of the pressure-of-induction-pipe force 
[Drawing 6] The flow chart which shows the flow of processing of the dispersion amendment 

program between gas columns of an operation gestalt (1) 

[Drawing 7] The flow chart which shows the flow of processing of the incorrect diagnostic 
prevention program of an operation gestalt (1) 

[Drawing 8] The flow chart which shows the flow of processing of the dispersion detection program 
between gas columns of an operation gestalt (2) (the 1) 

[Drawing ?] The flow chart which shows the flow of processing of the dispersion detection program 
between gas columns of an operation gestalt (2) (the 2) 

[Drawing lOJ The flow chart which shows the flow of processing of the incorrect diagnostic 
prevention program of an operation gestalt (2) 
[Description of Notations] 

11 [ ~ A throttle valve, 1 8 / — A pressure-of-induction-pipe force sensor, 20 / — A fiiel injection 
valve, 21 / - An ignition plug, 22 / - An exhaust pipe, 24 / ~ A discharge gas sensor, 26 / - A crank 
angle sensor, 27 / ~ ECU ] - An engine (internal combustion engine), 12 - An inlet pipe, 14 — An 
air flow meter, 15 
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AFAF=FAF-FAFBF 
[0 0 2 4] 

^ (O'^^ X -7" <y 7° 1 0 9 {Cift'?^. ^m^mtmt-y v ^^-X ^ r O J -b >y h U^c^^, X 
7" -y 7° 1 1 0 izm^. A F A F (^IfeMii A A t g (DrnMiU t (DttTb^m^mm^ ( K C G 
I AF AF I / I A A t g I ^KC GH) -e*)'i>/6>S;i>^^|^iJ^-r^ («;^!l;iti K C G L 
= 0 . 9 . KCGH= 1 . 1 ) o 
[0 0 2 51 

*<^*Sm. A F AF <7)*fe^iil^ A A t g <^^e>:^fiii:«)it*^^^^fgHl>g-t?*)'S <hJ|^iM$n/-c 
[0 0 2 6] 

—yj. A F A F comMU ^ A A t g (^^fe^i^fjlcDjrt^^'BfT^Sgffl*^ ^>:5'^tiXl^ ^ <h¥iM$ ti/t 
Jt-^icti. X7^'y7'l 1 2lzM^^ gfai>trx-tr 2 4 (i?!5f^. ^<bl|) .h^^iJ^U 

3— K) ^ECU2 7 <Z)/-?'y ^T>y7*RAM (|gl;^-t±-r) {-ISltU-C. ^^^'a ^ v A $r*|^ 
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CO 0 2 73 

[ miiJ fe^ o # >|:^ ttS 7' a ^* V A ] 
10 0 2 8] 

m'Vm.^ m-xm.^ wm^^ wm%. wm.^ t/iMs^oii^'ttfii^^m-^ntf. #mtijo3®^ lo 

[0 0 2 9 ] 

1115 (a) {c^-rJ:-9t-. ^izfi-r-S^ 1 O^'v v^^lgfflti. ^ia^"n^l~:^4 

[0 0 3 0] 

[0 0 3 1 ] 

— _hiBx-7^>y 7°2 0 1 -e, mtiJPBltit>oir||itii(^^tf^{i^*^*;35ciz:uxv^'S. ^¥ij^$ti 

/i V > 1 ^7 ^ > c^nmm cm i mM# i (Dmm'^^mmf±t) t^m^bm ttj:^ 

Hl^t?*-S t^ij^^nntf. Xv">y7*2 0 3 {cM«?»-. w \<o ^ ^ > c^M^m^i^isi-^^m. 

[0 0 3 2] 30 

/•cit-^lCii. X7">y-7*2 0 4 lCii«^> i7 ^ V ^7^*^^ 2 ^ > ^^lEffl 2 2 

^2 >^'^igHF^{r*jlt'?)q5mWEE;^0l^/JxfjiPMm i n ^ 2 mM# 2 oq^ 

m^GE;d^^/J^fiiPMm i n (# 2 ) <h L'rmai-r'i.. 
[0 0 3 3] 

^fc. _hiHX-7^-y ■7'2 0 4 i?- v > 2 O ^7 V ^7^igfflF^-^?tini;V^ tl 

/ii^-a-titi, :^y^ V y 2 Q 6 izm^. ^ 7 V 3 v > ^'i^lSffl 3 MtgJ# 3 

^ 3 V >^7^iBH^^(c:*5^t^qsmW/±;tK^>«B/J^^iiPMm i n ^ 3 MM# 3 ODqS 

mW/±;':@/J^'liiPMm i n (# 3 ) <h LX»ai-r'S>o 
[0 0 3 4] 

*^c. ±|HX7"-y7°2 0 6 -r\ ^'^>^'^;i>>*^3 0^v>i:7:^|6Hp«s]-eti7^j:(,>^;4^iJ^$n 
fcit-atcii. ^^>^'^;<)^'04£7Di7^>i?^|gH 4 mM# 4 (7)^W-eqRmW/±;^36^fii 

4CDi:'7>i:7;^|gHP^tc:*5tt^q5mWi±;'70m/jN{ilPMm i n ^ 4 4 t^q^m 

'&/±;'7«i/NitPMm i n (# 4 ) L-r^m-T-So 
[0 0 3 5 ] 50 



I 



1 



(7) 



JP 2004-176689 A 2004.6.24 



^(DWi^ m4(7^:^7^yy'2 0 9 izm^. i^MI^ CD DRm.^f±t)&^NMP Mm in (# 1 ) 
~PMmin(#4) O^i^fgA V E P Mm i n 'kMiH-t^. 

AVEPMmin ={PMmin(#l) + + P Mm i n (# 4 ) }/4 

CO 0 3 6] 

X7^-y7°2 1 OizM^^ ^Mn<O0JSi.MWl±.tfm^hMFMm in (# i ) t^^i^ 
filAVEPMmin ti:m^^X^m.'m(Dmnmit^'^^mDEV (# i ) %:iX^lzJ:K> 

Mta-r^o zcLT^^ # i =# 1 ~# 4 -e*)>s>. 

DE V (# i ) =PMm i n (# i ) -AVEPMmin 
[0 0 3 71 

30^. x7^'y-7"2 1 1 izm^. ^nncDnnmiti^^^mDEv (# i ) ^\ -en^n lo 

z^^^fgHP^ (K 1 ^DEV (# i ) ^K2) -Vii) ^Tb^myb^^m^-T -^(Dm^^ ^XCD 

n.nmit'b^^mDEy (#i) ~dev (#4) c^^*. i^-t?t)ms*gH*^^^fn-ri> 

[0 0 3 8] 

— ^^■^(Dmnmii'^'^^mDEv (#i) ~dev (#4) ^i^B'T^sefflp^-t^s.^^^i^ij 

[0 0 3 9] 

[m^r^tf'^o^MiE^'a^vA] 20 

fiiDEV (# i ) ^gt^ii2i^fc^^, X7^>y7°3 0 2 {ciia<^. #mMoM^FB^ti^-:>#fjiD 
EV (# i ) <lrfflu^-r. ^migJco;^f4DSt^B#PBmiE#.^FTAU (# i ) ^ =fc 0 » 

FTAU (# i ) =DEV (# i ) +1 
[0 0 4 0] 

X-5^>y7°3 0 3 (cM<^> ?iiEtui^^mi^0^1^M*4Dti\fB#r^TAUlc#mm«)'>^ 

mmmmmmiEm^'p T A\j mi) ^^mu-r. #mt^o«i§Mi4Dti^tB#pB^TAu (# 30 

1 ) ^*i6^o 

TAU (# i ) =TAUxFTAU (# i ) 
[0 0 4 1 ] 

^.o^77i7-XDEV=0) ^^^^-^m^i.. ^/c. A 2 Tmi^PB^(i'=>o§?iiE;6^*^T L 40 
[0 0 4 2 ] 

-eolsm, mMPH^{^^>-p^7&^♦^#l^ (mMiPBi(f ^'^rxDE v= i ) i:^i^ij^$n^c 

«nj;t(iAF AF/A A t g) ji^'IESiBH (KCGL—KCGH) t>^fn-i. pJt^'|43&^**>'l> 

cfcO. mMPaltitJ^^liict-^-r^D/ciJ^^aiT^rx-tr v-9-2 A (D\htKDU.H^U^\^ti7.'^^y^ 

2 4 t^MStm^EWLT c:<h$rl95jh-r'&. 

[0 0 4 3] 50 
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CO 0 4 4 1 
[0 0 4 5 1 

^/c. ;*:|^ifeff$M ( 1 ) miiJrB^{f^>otMjE$r^tf b-r76^'^|||^^^m^rB^^^'^ot 10 

[0 0 4 6 1 
[0 0 4 71 

mm^m ( 2 ) » 

o 

[0 0 4 81 

J; 9 {ii L-Xi^-So 
[0 0 4 9 1 

[mm^lti t> #^^ai-7°a V A ] 

^r^(f«=>-p#fii&S[ai-r'5>^cii), ms cb) (3;^-rj;d{3. ^ai-r-s^ i ~m4©^v> 

[0 0 5 01 

n/-cJ#-a-> ^ ^ > ^'^;6^m 1 o i7 V ly^nmm im i mM# 1 03:^^t?P5mw/±;^*^* 

'SqRmW/±;'7 P Mm a X ^ . ^ 1 1 ODRmW/dE;^/^^fii P Mm a X ( # 

1 ) t l^xWih-t^ (X7^>y7°5 0 2 . 5 0 3 ), 
[0 0 5 1 1 

—y^. ^ ^ iy^^7b<m Ko^^-y ^n^m cm 2 nnn 2 (DmmxfiRnmmtiTbmzKmt 

J±t)(DmiKm.PMm.&:x. ^, ^ 2 2 oqsmW/±;^it^;'^fiiP Mm a x (# 2 ) <*: 

L-C»:aJ-r'S> (X7^>y7'5 0 4 . 5 0 5 ). 

[0 0 5 2 1 50 
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l^t) (Dmi^mP Mm a X :m 3 3 oq5MWEE;^1S;*^{aP Mm a x (# 3 ) t 

L-^Mia^^ (X7^>y7°5 0 6 . 5 0 7 ) o 
[0 0 5 3 ] 

* . ^^>^M ^^m 4 CD 9^1^^ Mmm cm 4 nnn 4 (omm'emn.mi±t) 7bm:km t 

l±t} (Dm:kmP Um a X ^ . ^ A Mn# 4 (Do:^mMS.tlMAiM.P Mm a x (#4) t 
[^XMih-t^ (X7^<y7°5 0 8 ) o 
[0 0 5 4 ] 

^:(Dm^ m9 (D;^y^-yy' 5 0 9 t^it^. ^Mn(Df^m^J±timMMPUiaa X (#1) 
~PMmax(#4) c^^±^<iiA V E P Mm a x ^^aj-T-So 

AVEPMmax = {PMmax (#1) + + PMmax (#4) } /4 

[0 0 5 5] 

CICD^. X7">y7°5 1 Ol3il^. #mM(^R5M^/±;^@;'vfifiPMma X (# i ) 
fiiAVE PMmax L^m^^-C^mn(DMnmii<h'0 ^iMD EV (# i ) ?&<X5Ct-J: 0 

DEV (# i ) =PMmax (# i ) -AVEPMmax 
[0 0 5 6] 

(K 1~K2) l^-t?S.^*^S56-&*iJ^L. ^-romMirBl(i'^^#fiiDE V (# 1 

) —DEV (#4) (D^-^ i'D-ei>pjr^mm^m^-c\,-^^tm^^tit;im'^izit^ X7^«y 

•7°5 1 2 t^sl^. mMr^Ci<c>-:3§^7v^*XDE V^ rij f^-tr-y h ^XtT^mMfB^tf ^> 

-^tfiiDEv (#1) —DEV (#4) t^mMmm^-^^^ tm"^^ tttzm-^izit^ xt^. 

«y7"5 1 SlzM^^ m.mmitib-^^-y'y ^'XDEV%: roj {3 U -tr -y h^^o 
[0 0 5 7] 

mi 0 t^^^Mi^ffirR^ihra^:^*^ A-et±. ^-T. x^^ y^e 0 1 A. I wmnmit ^^-^ 

[^) 0 5 8] 

tg) ij^iE-mmm (Ti©fiiKCGL~_tPsfiiKCGH) t-^i^^vti^-^m^^t^^^tmmx^ 

-C. X7" y7"6 0 2 {zm^. JESSEfflc^TPSfiiKCGL (^S^U^fil) 

TPIfil (KCGL-a) -L^^KCGH (M^W^fiS) ^^^^R)3ihfflc^_bPI 

fit (KCGH + i8) (c^Mur. iESiSHoijis^jAtf-rss^iJ^StS^M^a-r^. z.tnz 

[0 0 5 9] 

fil im-mmmm) h±Mm. imn^nmrn ^mmo^mK c g l . k c g h \.zm-t, 

[0 0 6 01 

rB^t^t>o#lcJ;o-C^D/-cJlftB;^r"X-fe>-»^ 2 4 (7)ttj;0<^SLtL^^ftil;??^X-tr >-y- 2 4 
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[0 0 6 2 ] 
[0 0 6 3] 

4 <hqRmW/±;^-lr>-9- 1 8 <i:^fai>trx-fe >-t>- 2 4 O ■fc.co^^nc < ^ 1 -zxDlhtl^m^^tz 
[0 0 6 4] 

. nf^!±t). mfeM. -f^rva^jft. ^^i:t^(c:So%^xmtgjrBi{i<5>o#fit^mtii-r-i. cfc 

[ 0 Q 6 5 ] 
[0 0 6 6] 

[HIMc^m^^dtiJiBg] 

[1112] mmmm en oj^^ai*'x-tr>+i-MS^^:7'airvA(D^5agiogitn'S:^-r-7a— 

[HIS] m^mM ( 1 ) <^5M^^{it>o^>|^ai7*a^7A«5Mac^^ti?:;^-r:7a— 

— h (^(7) 1 ) 

[04] ^*fe?F^M (1) O^MPs^tf ^>^#*^ai7°ar7A(D^a<7)^n^;^-r7a— 

— h (-^O 2 ) 

[HIS] mM^J±tio:>mWj^^-t^-f ^^^—b 

— h 

[1117] mmmm en t^i^^^i^^ih^'air^Ao^so-^n^^-r^a— ^-v— h 
[ma] miMmM (2) omtijrB^i^t>-^#<^ai7"a^vA<^)MM<7?»ftn^^-r:7Di— 

— b (-^o 1 ) 

[1119] mMmm (2) omMf^i^^^t^ai^'a::^-^ A<DMacD^n^;^-r-7a— ^-v^ 

— h (^cD 2 ) 

[mi 0] mmfm (2) oi!i^f^B5jh7'a^-vA(7)^!aa<^85tn^^-r7a— ^r— h 
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